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young children (1) . This observation came from routine review of the weekly number of visits and deaths reported to the ministry from its nationwide network of public clinics and hospitals, which provide health care for approximately 60% of Nicaraguans across its 17 departments (2, 3). The outbreak was initially attributed to unknown causes because no bacteria or parasites were readily identified. General recommendations by the ministry to boil water and improve personal hygiene failed to control the outbreak.
Rotavirus was suspected to be the etiologic agent because similar trends in diarrheal illness among children had been observed several weeks earlier in neighboring El Salvador, with rotavirus detected in most fecal samples tested (4) . Additional support was provided when a researcher in Leon, Nicaragua, reported detecting rotavirus by immunochromatography (Rota-Strip, Coris BioConcept, Belgium) in many stool specimens collected from children < 2 years old with acute diarrhea brought to a Leon hospital for medical attention. National recommendations were revised to emphasize proper management of acute diarrhea with rehydration treatment (5) .
The Ministry of Health invited the Pan American Health Organization and the Centers for Disease Control and Prevention (CDC) to assist in the investigation of the outbreak aimed at identifying risk factors for death due to diarrheal illness in order to prevent additional deaths, confirming rotavirus as the etiologic agent, and assessing vaccine coverage among those affected in order to predict whether a rotavirus vaccine might have averted deaths and illnesses.
MATERIALS AND METHODS
To describe the outbreak geographically and look for a seasonal pattern in the past, we reviewed national data from the Ministry of Health on consultations due to diarrhea since 2000 and deaths since 2003. On a weekly basis, each of the public clinics and hospitals organized into 180 local health systems (Sistema Local de Atención Integral de Salud; SILAIS) report the number of consultations and deaths due to diarrhea among children < 5 years old. Children under the age of 5 years represent 12% to 13% of the Nicaraguan population of more than 5 million (6) . In general, the location of public clinics and hospitals reflects the distribution of the population in the country, with more health care facilities located in densely populated areas. At ministry headquarters, the data are compiled in an electronic database. The weekly numbers of consultations due to diarrhea among children < 5 years old were plotted over time to describe the annual trends of diarrheal diseases among children. Geographic differences in mortality were evaluated by calculating case fatality ratios during the outbreak for each of the 17 departments of Nicaragua.
To identify risk factors for death due to diarrhea, we conducted a casecontrol study. Cases were defined as children < 5 years old whose deaths from diarrhea were reported by public health authorities between January and early March (weeks 1 to 9, 2005). One age-matched (± 2 months of case's age) control with diarrhea was selected for each case from the logbooks of the same health care facilities case patients had initially attended. We hypothesized that risk factors for death were underlying illnesses (including malnutrition), living far from health care facilities (e.g., rural settings), poverty (indicated by having a single mother with little formal education, lacking indoor toilets, and sharing water sources with neighbors), not receiving oral rehydration solutions, and receiving care from a traditional healer. Data on these risk factors, epidemiologic data (age, gender, place of residence), and clinical data were gathered from medical records on cases and controls and supplemented by interviewing the child's primary caregiver. A gastroenteritis severity score, the Ruuska-Vesikari score (7), was constructed based on symptoms recorded in the patient charts at the time of evaluation at a health care facility and illnesses were categorized as moderate or severe if the score totaled > 11 of a maximum of 20 points. Data were analyzed with SAS version 8 (SAS Institute, Cary, NC). We tested differences in continuous variables such as age and duration of illness for statistical significance with the Wilcoxon rank sum and KruskalWallis tests. For paired analyses of categorical variables, we calculated McNemar odds ratios and 95% confidence intervals. We considered analyses with resulting P values < 0.05 reflective of statistically significant differences.
To characterize the role of rotavirus among children with acute gastroenteritis, fecal specimens as well as epidemiologic and clinical data were systematically gathered from children < 5 years old admitted between March 11 and 17, 2005 (weeks 10 and 11), at any one of four hospitals located in the cities of Managua, Leon, and Estelí. Hospitals were chosen for ease of access, willingness to participate, and representativeness of areas reporting high numbers of cases of diarrhea with high case fatality rates. Data were analyzed in a similar fashion as in the case-control study. Stool samples were tested for rotavirus with an enzyme immunoassay (Premier Rotaclone ® , Meridian Bioscience Inc., Cincinnati, OH). A sample of rotavirus strains was genotyped at CDC laboratories to determine whether the outbreak was due to a single common strain.
We hypothesized that a rotavirus vaccine might have prevented death or severe illness only if the deceased or ill child had been immunized with the similarly scheduled pentavalent vaccine in a timely manner. This pentavalent vaccine against diphtheria, tetanus, pertussis, hepatitis B, and Haemophilus influenza type b is administered routinely at 2, 4, and 6 months of age in Nicaragua. To assess the potential impact of a rotavirus vaccine if one had been available through the immunization program, we inquired about the child's receipt and coverage with childhood vaccines as a proxy for whether the child might have received a rotavirus vaccine if one were available. We multiplied this rate of vaccine coverage by the efficacy reported by the manufacturers of each of the two newly developed rotavirus vaccines (8, 9) , taking into account the severity of illness and circulating strains during the outbreak, to assess properly the future impact of a vaccine had it been in place at the time of this outbreak. In both the case-control study and the study among hospitalized children, we inquired about the child's immunization history: whether the pentavalent vaccine had been administered and at what age. We calculated and compared case fatality rates by department to identify clustering by location (Figure 3) . The rates varied widely, from 0 to 24.1 deaths per 10 000 cases of diarrhea, and were highest in the departments of Madriz, Granada, Leon, and Nueva Segovia in the more densely populated Pacific and Central regions of Nicaragua. Least affected were the departments of Carazo, Rivas, Boaco, Chontales, and Rio San Juan (case fatality rate of 0, no fatal cases). The prospective assessment of cases of diarrhea requiring hospitalization was conducted in the capitals of the departments of Managua, Leon, and Estelí.
RESULTS

In
Characteristics of 35 fatal cases whose medical records or caregivers were available to investigators were compared with those of age-matched and health-care-unit-matched controls (Tables 1 and 2 ). All 35 fatal cases were under 2 years of age; none was newborn, seven were less than 4 months old, and nine were between 4 and 6 months old. Fatal cases were significantly distinguished from controls by three features: (1) they had more severe illness at the time of evaluation at a health care facility, (2) they were malnourished at the time of illness, and (3) they received care from traditional healers and received laxatives/ purges to "eliminate toxins from the body" before death. Fatal cases tended to live in environments where most were very poor, as indicated by the use of an outdoor latrine instead of an indoor toilet and sharing of water sources with neighbors, although these differences were not significant.
We compared clinical and epidemiologic characteristics of 67 children < 5 years old admitted for acute diarrhea in any one of four hospitals and whose stool sample was tested for rotavirus (Table 3) . A total of 28 (42%) had rotavirus-positive stools. Characteristics of children with rotavirus gastroenteritis, when compared with those with rotavirus-negative fecal specimens, were significantly less likely to have visible blood in the stool (0% versus 18%) but more likely to have fever defined as a rectal temperature > 38.5°C (21% versus 5%) and to be severely ill (Vesikari scores > 11) (33% versus 0%) and severely dehydrated (50% versus 25%). Rotavirus-positive and rotavirus-negative children were of similar ages (median 14 versus 11 months) and were equally likely to have received prior treatment for diarrhea. A total of 27 rotavirus strains were G-and P-typed at CDC. All specimens that gave a P-signal (n = 24) were of the P [8] type. Three G strains were identified. G4 was the predominant isolate (88%, n = 23). G9 was found in three samples (11%) and G3 was found in two samples (< 1%), including one sample reflecting a G3/G4 coinfection. rotavirus-negative children hospitalized for diarrhea had received pentavalent vaccine doses up to date for their age (79% for cases versus 83% for controls; 67% for rotavirus-positives versus 58% for rotavirus-negatives). Considering the estimated vaccine efficacy against severe rotavirus disease associated with the strains identified during the outbreak as 85% (85% for the GSK vaccine (9) and 88% to 98% for the Merck vaccine (8)), 51% (anticipated coverage 60% × vaccine efficacy 85%) of severe cases of rotavirus and 68% (anticipated coverage 80% × vaccine efficacy 85%) of deaths would have been prevented in Nicaragua during this unusual season of 2005.
DISCUSSION
We describe a large outbreak of rotavirus gastroenteritis in Nicaragua, which caused great concern because the etiology was initially unknown, and it was associated with high mortality. The early lack of an etiologic diagnosis or understanding of its mode of spread led to recommendations to boil water and improve hygiene, which were ineffective for interrupting the transmission of rotavirus. Upon review of historic data, we confirmed a seasonal pattern in diarrheas and characterized the event as an exaggerated early-year peak of diarrheas among infants that was likely attributable to rotavirus, based on findings from neighboring El Salvador (10) and Honduras (11) . The deaths during the outbreak were associated with improper treatment of severe disease by traditional healers (e.g., use of laxatives/ purges and not oral rehydration) and, to a lesser degree, prevailing conditions of poverty indicated by the presence of malnutrition and lack of indoor plumbing. Although severe illness among hospitalized children was associated with rotavirus, it would have been difficult for a physician to distinguish patients with and without rotavirus on clinical grounds alone. While we did not have a confirmed etiologic diagnosis in patients who died in this outbreak, the seasonality, the age of fatal cases, and the strong associations of death with severe illness and of severe illness with rotavirus support considering these deaths as related to rotavirus.
This study confirms that if a rotavirus vaccine had been available, it would have reached those at risk for severe disease and prevented up to half of the cases of severe rotavirus gastroenteritis and more than two- Additionally, the predicted effectiveness of a rotavirus vaccine may be magnified by means of herd immunity whether this vaccine exposes susceptible, unimmunized children to the virus through fecal shedding of vaccine virus by vaccine recipients like live, oral polio vaccines in regions with high levels of viral circulation, or whether the vaccine reduces the number of ill children, potential sources of infection for others like the Haemophilus influenzae conjugate vaccine (12) .
Reports of outbreaks of severe winter diarrhea among children due to unknown agents have occurred repeatedly in Central America and the Caribbean (13) (14) (15) (16) (17) . When the etiology is suspected to be viral and diagnostics are less available, general recommendations to improve hygiene, boil water, and wash fruits and vegetables have been ineffective (18) , heightening concerns and fears and attracting negative media coverage. Because of the lack of highly effective control measures once an outbreak occurs, attention should focus on identifying strategies to prevent severe illness and deaths. Such strategies include critically evaluating established diarrhea treatment and control programs and considering the introduction of a vaccine against rotavirus. Thus, unlike other outbreak investigations, we not only focused on describing the outbreak and curtailing the spread of the disease but also considered the impact of a vaccine, if one were available. The outbreak in Nicaragua formed part of a larger phenomenon in the region in the same year. Public health authorities in El Salvador and Costa Rica reported increases in outpatient visits for diarrhea among young children with rotavirus identified as the etiologic agent (4) . While large rotavirus outbreaks may be associated with the circulation of uncommon strains as occurred in El Salvador (4), the common G4P [8] strain (19) was identified most frequently in Nicaragua. Thus, the exaggerated earlyyear peak of diarrheas observed in 2005 in Nicaragua may represent expected year-to-year variability observed in other countries monitoring diarrheal activity (20, 21) rather than the circulation of a novel strain in the country. Comparisons of the strains implicated in the outbreaks reported in the five Central American countries are under way.
The investigation of this outbreak was limited by the lack of additional bacteriological data and the small number of rotavirus isolates available for characterization. The concurrent circulation of another pathogen could not be confirmed or refuted. However, the timing of the outbreak during the year, the age group of those affected, and the associations between rotavirus detection and severe dehydration and between severe illness and death suggest rotavirus as a leading etiology of acute gastroenteritis leading to hospitalization and death. The lack of additional rotavirus specimens for characterization may have limited the detection of additional circulating strains of the virus, particularly "novel" strains in Nicaragua accounting in part for the occurrence of this exaggerated early-year peak of diarrheas.
This outbreak underscores the importance of implementing surveillance for severe gastroenteritis, particularly that caused by rotavirus, and highlights the need to consider prevention with a vaccine. Rotavirus surveillance, as outlined in the World Health Organization's Generic Protocols for Sentinel Hospital-Based Surveillance (22) , would empower authorities to pursue critical activities: (1) identifying the onset and offset of rotavirus season in their country in order to plan and allocate appropriate resources (e.g., assigning additional staff to maintain oral rehydration units open for extended hours and on weekends) and supplies, such as oral and intravenous rehydration solutions, strengthen existing programs/policies to prevent deaths due to diarrhea, and refresh training of health care workers and traditional practitioners on the appropriate evaluation and management of children with diarrhea; (2) fortifying local diagnostic capacity and permitting assessment of strain circulation through the systematic collection and rotavirus testing of fecal specimens; (3) estimating the burden that rotavirus disease represents nationally in order to make a decision about introducing a vaccine; and (4) assessing the effects of the vaccine, if it were adopted.
A rotavirus vaccine would have reached those children at risk for death due to diarrhea and those with disease severe enough to warrant hospitalization and might have prevented numerous consultations, half the hospitalizations, more than two-thirds of the deaths, their resultant high costs, and the increased anxiety associated with this outbreak. Objetivos. Se investigó un brote nacional de gastroenteritis grave por rotavirus en niños menores de 5 años de edad que provocó numerosas consultas, hospitalizaciones y muertes en Nicaragua. Se analizó si la vacunación habría evitado estos casos de enfermedad y fallecimiento, se buscaron factores de riesgo de muerte y se elaboró un perfil clínico de los niños hospitalizados con diarrea. Métodos. Se realizó un estudio de casos y controles para determinar si los niños que murieron tuvieron acceso a programas de vacunación, como medida indirecta del acceso a la vacuna contra rotavirus. Se identificaron los factores de riesgo de muerte en los niños que fallecieron durante el brote en comparación con los controles con diarrea sobrevivientes, emparejados según la edad. Se tomaron muestras de heces fecales, datos clínicos y de vacunación de los niños hospitalizados con diarrea para realizar el diagnóstico de rotavirus, elaborar el perfil clínico y pronosticar el acceso futuro a una vacuna contra rotavirus. Resultados. El brote ocurrido entre febrero y abril de 2005 ocasionó 47 470 consultas y 52 muertes. Aproximadamente 80% de los casos y controles y 60% de los niños hospitalizados con diarrea tuvieron acceso a la vacunación programada y posiblemente tuvieron acceso a una vacuna contra rotavirus. Si en los programas de vacunación se hubiera dispuesto de una vacuna de 85% de eficacia, se hubieran prevenido hasta 51% de los casos graves de rotavirus y hasta 68% de las muertes. El estudio de 35 pares de casos y controles demostró que la enfermedad grave, la desnutrición y la atención por curanderos tradicionales fueron los factores de riesgo de muerte. Se encontró rotavirus en 42% de las muestras de niños hospitalizados, asociado con la enfermedad grave y la deshidratación. Conclusiones. El efecto de los brotes estacionales de la enfermedad por rotavirus podría reducirse mediante la vacunación contra rotavirus, el perfeccionamiento de los programas de rehidratación oral y el entrenamiento de los curanderos tradicionales en el tratamiento correcto de los niños con diarrea aguda.
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RESUMEN
Brote de gastroenteritis por rotavirus con alta mortalidad, Nicaragua, 2005
